The effect of nitrogen fertilization on the nitrogen nutrition of legumes by Thornton, George Daniel
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1947




Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, Agronomy and Crop
Sciences Commons, and the Soil Science Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Thornton, George Daniel, "The effect of nitrogen fertilization on the nitrogen nutrition of legumes " (1947). Retrospective Theses and
Dissertations. 14021.
https://lib.dr.iastate.edu/rtd/14021




1 ^ •sia Sal«Hfefe#i- t© th« 'fli®altiy 
• ' • 'f©r til# i»f»»s ©f 
mmm m miimmm 
tti|©r %l»|»«ti. Sell l^ rtili^  
jlfpsirwAt 
ia « Bfcj'Oy Ifefie 
Iwm Stat®' Cell®g« 
lS4f 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
UMI Number: DP13515 
INFORMATION TO USERS 
The quality of this reproduction is dependent upon the quality of the copy 
submitted. Broken or indistinct print, colored or poor quality illustrations and 
photographs, print bleed-through, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
UMI 
UMI Microform DP13515 
Copyright 2005 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 




»V1M or liI'SMfBSi <f • ».#-# .##•# ».# • # * # # • # *•» •:••••»•»•• S 
Sffoets of Hitrogea Fertiiiaation on Modulation, 
Srowtti and Hitrogon fixation by Lsgua®# •••••«•«« § 
1Bb» iiff«et of liitrogen Ferfcillaation raa Legume# 
in «••*«•«**.•<»••••••••••««.• i 
IBfei Eff»et of Caloium Saturation Level en 
Kitrogen !litri%ion of Legtssics 
Ih# TTse of Isotopio Witrogen In Stw%^lj3^ Nitrogen 
Ifutritlon of Legumes f 
im Kwrnot Jif' uiT&OGm OH MODUL&xsum, 
Ga®$u isMB liXtauaiiJi ijIXASiUH BY &miuiiAL jUJ.uU£iiiiS«« 
IMK KFFJB.GT OF UALGiUM MIl'SAfE USi 
MICH AID SVsBET CliJVEK 1© 
latro'Juotion 10 
^K|»@riOTixlal ••••••••«•*•«»•••'•••«*••••*•»»••»»•••••• W 
Ssneral proeedure 10 
Px^paration of anrichad oaloiiaa altmt®** Jl 
Oultuml procedttr® Ii* 
aatfwrlMQt 1.••••••«.««•• »*«««««•« It 
St^ baan experimant m 
Laspadaza axparlmant 1 M-
I^pa<!te£a ascpariiwnt Z 
^ita Dateh elo-wr axperliaeiifc m 
Swaat olo-var ^periiawit It 
Faamt axparijaeat Ji-
Aa&lytioal Prooadura I? 
l<tb©3fliii»©jfy aoaXyaaa •«•«*•*•••••*•«««<•*«••«•••«** 17 
Galaulation of K souroa from atom % 
*••*#••••••*••••#•*•••«*«•««•••••« Ii 
aasmlta aai «**•••••••«•»••*•••«••»••«•**•• IS 
Soybaan axpaxdi^ nt 1 iS 
l^faAasa axfWtiWBt 1 •«•«•*»•••••••••••••.«'«»•• tf 
X>aspada«a ^axparisant S«*««««««•*•««««•.#«»•«*••*•« US 
til#. 
3# 
••••••»•»#•»» •»»•#•,».«*»«»*»*#»#. 9A. 
f» gffSCf m wmwm  ^FBHTTLKATIOW oh 
tlOiffi AM) mTl»ll PmflOH BY SETIML LEGHFBS--
m EFFECT OF S®IOM HIT8ATE AID AMOIIirM S'JLPATB 
0* »» CLDVIK 
••••••••••*«*'•»««•••••••••••••••••«•••-*»««»# 44 
•«• • • • • • • • •»• • • • • • • • • •«• * • • • •«• • • • • • •»* •«*»•  ' 
»••*••»•««««**«' 44) 
of •arifl&od and (SH^5j|St^  *••• 4& 
4f 
l!StpiySst#ii% 1 4if 
•« ifwf m 'iiiKwi »ifiaMfi« oi lawufiei, 
jip Mifmn fiMSim IT siaiy* 'jmowmmm 
§8 
im &wmt W' wmmim mw^ m » Hifi»y 
m mm mmm M s^itji m vmwm 
CAixsroa a«u»i» IMW 04 
Wni liillflNltelM ••••«»•••»•••••*•••••••••••.«•*•*»• 04 
api|iiMP«%ii« ®f •arieh«4 f^ otftscluw Sf 
Of flffitri«nt solutions •**«•••••«»»•«»•••« Wf 
VmmJM md OisMiatm «'« #:«##«« #•*««» *« *« » « *4^« « «'-• m.mm mmm- ^ m 69 
8t 
Is r^isti^ s <wl#i «i^ %»Ra« *,•••«•••••••««*«,••*••••.•** 70 
@»a»'S%l iiS'"msiBim ••««•«««•.»•»»«•.•••••••••«.««••»»* n 
iss Aii«fW or iifiMa si mmf mi^mm s® 
8© 
tepirlaenMi.. «««••*«.*•••••••••*••*••••••••.•»•«•••••••««»  ^
H «.b»or|»feioa thrmgh itwi g^awpiioiw «»»•• «4 
1 levol la the rootisg mmm ©a 
absorption through tte» g^wfteoro# 
l** 
lIBLIOGHAPifSr m 
ACKNCFflSDdKW •# m-« • «-* # ###»#•»« » *•-« «• #*• 0® 
Wem  ^rngmmmim ®«Bfe«r itfMai tit# ait*^#a 
#0<oa&@a  ^ 9  ^ IsguiiSswts i^ JteaSs.* Stose-'ISS#-"Aea 9mA VJH*» 
<iii®wsits*%»4 'td9it% tesfesiflft 'in iuift09&jft'te^Si;^  %h# 
le^msm -mm «%i« t© ft* trmm fh# •ii'tBWift.#*®, Wimm 'h#®' 
%#»« Sf«TOi«.ti«» fts t© tM® *m«aa% tixmS mnA th# 
&t m. ikmt.li.mm &s ia 
'««9h 9^d.tm hmB'%«•& .WM-t nw^oic imm-
btM. ta ^ •ir ii^ pr««fc« fm e«wtt«mt 
aigtt*^Mi4ttlR'%94 pi^ wfeii !• wi'lh ai«}#slKiMi# p]Ait%§ ®si 
tti« «M® #©11 aaiar «©»«ltl®ii» ©r tii# yieM aii4 ©©apsgitlm 
of f«t^ li»#4 mm4 •ttaf«ft4i4»»r 3»gM»®» «*«• #«ptr»d ulth yi®li 
an# mmfimiMlm &i fcrttliMd ^smA m»»l«gw«i* &• 
imftloMMtt et* -fiif sM&m- pwmmMm» &m mmAlfy mppkmut^. 
mM *» * mx^  -mmtuslmi wrlsM ta  ^llimimMm 011 tfe® 
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i4 
mvtm Of Msmm'm, 
"KmB Ai i¥ii'iM !!• • aii^  %¥£ --•- •• i§i.'it' -^ •-—  ^-•-••-  ^lit •mil n>- Uf 
JRp## «a# 9mml (tt) «%• ©f 
a»A btaa M IM4 «9to4 Vl0iA ,^ a. dNtiPsiofiia , 
in «. mlm-klm fmm mt atti^ «a0. la m »olatim 
®o'a%Rlali»g nl^mgrnn. nm aoiwl®* ibww fow»i# fh»y «i»o 0lt»a 
•'inilte-y mwmMm »«#»»# % fcf# fAmm la lt?f wi^  w4, ©Ifiiwr. 
%« '&m Mi. iMal that ia ®p4«r 
mmmm »ij^nM gmr^ iMi mil «• wtiwok piia 1» tmm 
m Hauli mf »»&%],« mits^ n is taefioial, t^ mmm 
WI^ H' Itl^  ••Clw r^aplTO.wl** 
Ispkiai ff»i {ti) tt»mi tlatt if mi etmmr pl»Bt» 
#ttppM«t wl^  «il^ #r l»»pBi« m mwgnMm awwlalwi *»*• 
imm& m %imy *1%' not mm&liy tnm»9&is>$ aM 
ttsi^ ias-* WHawi (tf) f«ii tlmt m4mlM tvwm^im mm 
•lum mmi mt menmm^mM^m of 
ai-fer^ w m l«w m Mk*M f•?•»•• vMM M& f*f««»w0r« %# 
mpfgmm tim,Mm 'mm sr !«•« 
mM (4$) <0^mrm4 ttet: im Ifc# fi«»«as» of « 
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•rf A 1  ^ 0 Mf# 
0 # S w-
p  ^i«  ^
m •*§• # J® 
rffc'WBWti^ 'Blfc '^S?#*  ^^ KII^  X J^W*^di; JI&tfE'V jK#Vik 'Wt AriMtlfc. 
msA ftlmaidte '&a fiui wt^ wl :iM>lto%im»  ^ lfe» ^mett. m» a^%- iiiv»f««1  ^
sffii'ft^si'i ^y %li# .||%®P8 (P^BfwiS ®f ii®4 •mamm &t mp^mimm mm 
iWJK.^ Ift'MUthM' Mk -—---^  **1 -^ nr •» •• ji jt, i^^tit iifcMMitwiMMCt Jtfe A* MFpr9ii9W9  ^y0W» '^ i^ EwUte^* 
1lil««a ami W^gmr i$M} •Mteotsi- ^m mmffmrim^ M 
«iM S0ii»lati tti%r^ «a mUimW" pi»m .^ «%. MMI- ef 9]«ae6ii!^ :» 
i®*-f«»ult»i to immfrnme  ^yi«lftt mA l»tf»*««i wmsfe ®f ni^ m^m 
Hwmit la m %Mit& mmhiimM uMmgm *•«• *#i»i •»%• th» %iwi 
fflf MmuMM-m •ani- ^*imi- ii^ » la tW.® «a«» " 
lV9ttaJts>%i.i^  bsM htttUi '@mi £3P0^ t&i- p3ss%Sag»-. 
as- -fiptmlii «f «i«f tlitrt «^mw1m»»|!- »«« -#-iaBl'l*f %& %kmm  ^
i^ m %li#-:sw«o»lw im§ mi'i»4 »% fl«iitt«g. fml^tt mwi 
•ma CIS) f«ix»i tfe*%. «M»esiA ^«ai memmixm m|l '^l»i Mi. m. 
to fgifelliaft giiPBai^ *. 
Virlmmm (4$) imM «% m i»d m3.mmjt swm: 
'btililitir in -^ iMi'.x i^l -wiril -iife#ff sSl'Mslttg fxiMo a(l,%p^#& hIikb ssli^  
.(i«#iMii: altr®g«a# fk# if»«wi# iwui fat tk» ®ai# ef- i8lil%# «l«*«r*. 
fh# altpegita ««? p«Mi- mi aimmw Xittla: «% 
«fMantt 1  ^ of- »mwm0 is Mii &mA i^m» 
ImA flrn '^- £fti3«-i iteft W»' »mwm' w* iwm 1 -^ Aiteijteiit* 
V»m fit) •»tl»i®4 'f^ e* -•xf«rt.»i»tafcl ft*liiifi «(*%- atiit%-i« 
#f :flft»®e %»• -Btie^a Icllw ®f ®®iAtaiiil'ii,t«pm -jj^ r h«e%*i«- fkwi* 
mt 4mm3»pmmt -#f %Ma» ,^ Uilm f*r ]^ B«%i«i-
AI^ PSWB'IW' 'ktail.ir- gymy i^ij, ASA 'ItoB'S. ^asa t^-SSwi oif fiii^ y j^pwfwff' 
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'QAmll (so) 'iiMr 
sll||b% of'tittil <»lenj« on «ltrof»a- ftsmticm^  ^
JkiM. iom ne%'mgm«t ef Albr®^*- aM Wivmr (S) ••to© f&md 
MmMm^ t« %« xv'ifttttft %o ttaS 
1b6i*i mimbS 0lf 'fliEtiw i^EiHiibts WIQIMB* ' &• tt.sto ]^^ u86y 
%«& «)«%• ittlft wi.;f %• iwi' te  ^wtte iifit'pMMit l^a 00m ~ 
1»«1 (») ii»-i^  m «X'€ft»s^e ««0^1»3E 
M ft mmiw of •«fcl#l«wi fbi* th.® gro*ih «f !#§«.»»# tl«t„ '"n#itli#r 
#)» &t ml&lum mr .Mtewt @i tes# tmA mmj Mvmib 
«• tisit ml%m§0n, #Jf M-gmmg oiMmr m 
@®d i^a»i ia witii pmwimwMy mmiiiom4 
•msk ®f *ifeli.®li Mmi mimU* 
Semmf- |i0| gmm « t^o»iaw at m mtmim nA  ^»»fy» 
wfl^ stteisBSiQiW' o# %lw  ^ ja t^iils'tiS»<®Hi Mid s®i®ia% 
f a'^ iiiiM Hwniiiii in ill i/t tfii iMitriTiiii 'fr 't rrwi li'^ MEee. wl.wTwFy^^PS Jt-3ylpBlat 3,Slpirl^ BQPP@ Wi w* llw^* wfttW'jyi^  rJ0|^ ®* 
-Rtts^dfea'fi*«.%l«» ft>llawii mmt tr#»a m «%«'*»•'iiawa 
patwiwiwR mm »ab«tittfte«4 f^  fkim wmM tfciit ttwi 
«f'' mMMmsi *t « fi-vMS. 'l«inil '«kfptmit];r 
'MrtMia#.  ^ivItiAb' Wm' -gftftf 1*  ^sfttersfM %lu» toa^ste !• 
t»i#pnii«KRll of «Myb»]f %!{#'' tm im &r « 
(li wtpm  ^ i»%ft •k®«r •el-iMi.rlsr ISatl; «lgHifS^yao« 
#f «aS«tw f«fr tfa« 8ci^ b«ft» ftoai sa, l%« 'fti-BAtlw-'Wi m la 
 ^utttl #r .s^emMi maim* 
'Wm ©f  ^
i« -ffterfilftfflt., Mtmgfin mitrition 
mm littla u«« 'hm- hmm, mde of i«ot«pl« oi.t«>pia ia «larlf^  
tlw ilata aoouasalatwi -swur ef s«»» 
«i^t% -^mtm-' Wm nitrogen 
«i; rntm (W) wm$ mUm^m. ti» %|r a«il«pmHi# 
ft*' short half liii ®f' alfepspta Cl®:«S i%8 ii«« for 
«*p»'yiwiMial fh0 mm »%etbl« is©*#^ ©f mas M 
mmi % «% ml» (10 t©. ••te% ti® «r .fst-awwil ©# 
m- mUsm^u fimtim immimmmmmm 
.«iwA  ^flbsifcfc'lttB ijt|p«BytMiaMMii^  y3*sto'* 
mmrWmfi, WmmWmM \WmJ smwm wS# w i»-€r5#pxi5 
al-feisttgiia M mm -mM 'ia^ «i th« &£ 
• tenwa «»f Jte l^-fes (33)« us^ i^  sdLti^ «ft, te«» ^ mm 
Ito-nitrogen rf wll mm »0t «§. 
 ^»!%»§« fi*si th« ,a©&il# mmAm&iMm m- ». f«rtl«a, 
•IT' «tt^ l3w# te ie»>iAi»i4 f&fsi itt mi%m 
•M JBb 
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te' mil p@fe» "imtrnm m«AMg mb4 gmm. .f«r pet f«r *»»Ie« 
M •mpfilti' &» V'% «% »i» •«!' 0#S gifM  ^




. *  
# 1 .' n" 
t •• 
1 fiaa -(rf 
• 
1 $ am* •M* mm 
t s W eas its pltoatfliig 
: -f • • t ; 4m- 6*2g -MM slKalslM 
4: 4 TO 7.71 i -liieisi ftf1»r fMirtslng 
s % ImmlrW' 7,71 f iwrtiai flaati-ag 
i 4f wm 6 .as A% f lMitkis 
:|§g @#3S ft WBAlOl Sl^ ^y 
. &l« «is^  -uMi April tp I8<i.#. Gaai Imlf., of th« foto la 
. 1» t si^   ^w®,f« }»rw»-ito'J tlay 1§-^ , IflSf th© w»»in4»r 
©jp mm 4nm 24# wm* 
im. it mm «sr^NiihiI« te 
««l3  ^ #1* wpltoftt## flf fimwrn Ife® sell 
mm fill#i la tl*# mm- -wemmw «t. i»s»plt«ia 
m&m #xf#yl»at I.» tn ti«s ef  ^!i%li. .e^wit of taa* nitx«^m 
Sj|««@ft' '1% VIM' A»oM*i %» ftiteir '1  ^plAB df iK^«ria»ii% 
• -mui- t® irtif laiB. %!»' »lx i»fill«ateiNi la 
fear p®fe«-» 
fb« ti»% w»m *»i# **# outliati^ 1» fall# t .  
Mb' 
fmM# i# la »5eferlw»«* t* 
'S 
ntmlMtr i at iHiti 
• 'i. -1^  
» i i 
I • 
.1 , % 
t 
t- StMi er isfpiyti^ -
• . . 
I It fca» MM. 
t'" « A% 
S S 6 *33 At 
100 d,53 4t witel itflMMP plteittag 
i « 200 6.53 goo a,53 •i wiiie,# i^t«'r plantlag 
s i 000 7,71 % wmim «#tH»r plemtiag 
fttl# «»t' mm -Jaigust le, liii» Oon-toai# of 
tn tawtawwBfc 1 «ai al'l la tewtwurt; t nwpe harwitisi' IS-, IfiS, 
1Si« ir»Malr^ .«r •«©» w^m»'^ A 0®t®b»y 1% 
' !,» •%#• kito «C tite» i-di-JNiaaA- .wlxlaa'i%» 
% «(MS' «i»# %« fill f»te i«^0' lAittfa mm ^ema»» 
fl» i^ fl'w, waifmm tlnstes* m^wlnm 
an# plio»;]^ eiRi» w»r« »« 'la. walfoimly t© 'ttll'. 
ipit •uppll«d M ' £ari«te& imi 
aii»i m Otttlljati 'ia I&ble S» 
tke ®««d fer'tki# pl«ttbt# i« 'i««l hmm ItM 
aad ttoi plants mm timasplatttsd into p»ti8  ^ Smmmsf «# !§#!• MM of 
th«, pete' i» I, t -atti; ,S mm liaywf-tti M, !»««'• 
'Wm &i 1fe» ••<§ss^®rt»»nt ms lmrmBism4. ApHt iS, WMm 
fabl* i*. Mitmgm 'ta 1» 
\ 'i  ^  ^ ^ • M ' 
* %Bi « S'^ * *%» « f.ia» «f i^ pfl^ ing 
wmSm»' t .«f iwte- i » t . i 
1 « • 0 mm 
 ^'' 8 S 4.51 M tiwmitf SfMslJlng 
S" 8 4.51 'At tmJMplantia  ^
i « S 4*51 i «NMi iif%«r tuBUiflimtlag 
» " " 4 m 4.S1 W m^ %r«afiptatiiig 
t # - 4.51 tfWMplAn&im 
f 4.51 S !*••%» Aftent %»»Bpliinliag 
f « S6 4»ii i wNitlr 11 vt^ s 
'!• Wtte-liti'' torn# |8' ?wl« mM; istaNMl witih 
«<»!»# i'tt ©f &m pt-r% toy ii«4#.t ®f «©il t© %!«?•« pst-rto 
sMil* ki^ 'Of %b.l« wi w«4. %g fill l/#«»ptll^  
,.f^ « im.wM  ^mm f'ImM 10 M W^BpeAam -m ^ mmaary 104i» 
Itf^ r -^mmimMm Vm awMr ©f -ftr wn4««#€ %© fl*». 
tmNtm «ilnti.» t# mt mm4 ta this 'aai th« 
f»i^ iMt«r mm mm» m*. imt l»»pid«iw 1 
•3g»*p% ttet «#ilawi7 mimimt aitmt* .«»• «uni4* ^hW' bftlf ei {>@4« 
l» tiw&iBMisto' Im t «ai f tefMSMM $» lt<iB« 1%.# fw«lM«r 
of «i» #xp®irts»i^  'WMI fc«rr»g1»i-April 14, lt«» 
gatate ttlgwr Ml© ©f 
tt»«i la lwtf»#ftM i wui «t«4 fill l/i<«@ikll«a fc  ^ia 
ifeiete iw*« pl»at» i^ «pppo*lMi^ % 1^1# t«m itoils# ftiiwii el«*»r «••€» 
Afl»ir' ite® mmhmt ®f fsr p®% «• t® %•«# 
CWSjMoy wkleiwEt niMmim mm %fe« mmwm of iiffll^ a aeeoi^ l^  ^
ftea of nsvd Sa ex r^iati^  1 t* 
I 
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i |  
I  3 
I I 1 
imm of" liits miMmm ••©? *Mm%im. 
aai «lP r^ i'fffeig *»«• i^ rodue«i i»feO' %im mmm 
«%  ^|!r««siit^  for %«, •mi ;*%« |».r #««l |S?)* 
1 mwpm  ^twms W [^ it%m- % 
I^ Mi' ®a^®ES ## €%xi^ iwi I^>ttttls%i!d SG(bs%4^ t^%i.i^  in 
•|u&tl«n3j» y s », '®hK #f tM® •##»%£,« i» -a# 
(a-,38) 
f«ll«Wi-» 
1«%, * • * takim: ttf fpw ik4i«i t» 4&e: «..»ll 
y a fJjK®# «ir .Ci" -swrH fsrwi #«il 
* « t«feal s^nt' fwaa' la pteat 
ta nltrogte mSimi -fee lolt 
h ••  ^la plant «1»ri«l 
•SS m Mmmi m»t0^mm% mt i» »!.» 
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the dffeot of oalaium a.itVAtm*o& the yioid, 
ttoixt:«»t and e<»ire« of nitrc^ea of sc^bdena 
mifwi'teii s is®«k» mt%&r pmiittog 
Mo t M aMmd m-r 9#%' 
lilm I iW& mi pimUjo^iMQ act ptetls i^S  ^
<2.^  At 4 wnAaB fSCM at 4 t# inniM 
'W»m yimM pir f®%* pw- • ua$ 1S.S ma 
Ki1si^ «a iS«t»-at •p®* 
mBrn&l MM 
Ittw^a fi-^ ' f(#-r\s©t# 
litwO m.yQ 
SltaPOgen f Isold # % 
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"ftem (^ > « l»i iwi« 
ft^ t) # sf#s «g»* : 
litn^«a m is»# 
c^ } • ;i^ a|:.».: 
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fabl® 1S» The effect of ealeim iiitrate ea wiaMtioa, 
yield, content and source of nltjwifett of 
lespedesa plants harv«isted 9 wee!:# 
ewergeaoe 
ikla 
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nl%-''f@gent 
Ipii^  wi.tme/m iiff-lted 
W '  ^O 1 10 
iieaa wtoer aiAlet. pn? fMat " 
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i^ Sed 1 is#§ St0$ 
l*® esftelwwle# 
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m alt«ip9t. «,t mm& ©iss^ atm i^ mmtf "sh# «•*««» ®f 
tl»' flssal m. til# mila root *« flaat« att-i^ gaa 
mrlfyf. is ml* aofttate mm. ankller sii- m tli* 
fkm mi p-te.^  fii^ etvi^  nMMmgmm. At «ni 
mwf «iallar to %l»t t^exwi m p^wSiS m 
-iqpplica-lliaii- itt tiwi- ®f plaafelsf •lgsifl««i(» 
ly -ttit 3rl»M of S,tf »a%fe«r pir p#t' mA all tAtm$m tmktataii*. 
%e i^ &tti 'kwtmt &f flaenmim 
lmfiint«%i4 (iibl# 11)«. flmm^ w8 mm9 
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lj6«p»d»t> ,'e3ep#ifiiigta%. .f -
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Clfikpim fia» ®®a% l«i^ *ifa,ai sistiar# ani G»|BOg)g ««• us«a 
ia*i=t(!»4 of ttt« 1  ^i9MPi'A«4 lltt(S0g)2:# C^®r mm tto® ag® «% 
irtiiali tte nnfii' iMeyfiiwitei sai fftdt -^^Is «xp«rine^ •mm 
flftum % w^m «l%dx* imp^amrn 1* %m«« 10 
ma& M »li9« tte 'ia. mr'k  ^
fearw»"fe mm aet in «g-rwirat®a%« Both a^wla ttt*l3(tys aai yi«M of 
wifc%«r •..ignifi.«i»%lj gmm^T la eaif«r.iiBf»fe i a sr»«ul% of 
a'itwgwtt *aia •^ # f jteubtei «»» immiiiittii 




ft 5  ^
. g 
• § §  
at m if 
« 
> 9  
•0 
- I  




I I  
I f  
I S  
M 
























. . * '  •  
 ^ co 
•; •? S  I  
'«|9 «s; 
• * 



















5 S  I  
I  1  
 ^ ,s-" 
! 
H  i l f  
«t 
•m 
•b •< to 
i  1  
0,4» £t< €» 
«! a 
»5 tu a  g ^ 
Urn 
m» 
li« fii« ttffvot ^ m w&iuhtMimf fieM 
$mA nitmgm &t imaptimm taiiPTO«t«i S wm^ * 
after eiaer^eno* 
i 
s iSo mwliM per pe% 
s t iu> ' 
W&m makmw m«ittl«»^ f«f»' fJ*w% 
* 
t 26*0 $$*f 
. fo^ 
f 
i 1.53 " 1#4» fiMM §mr gm Hoots s •Sg •S.S .i» 
lotai i i:*8S^ t«^2t M.af 
• t M*m .  a*».'  
»©ii%«at ^ • .f®i« i x»n ia4 l«f » 
t 1.64 X.S3 1*42-
'Ifow 1 21.6 •«a. ^•0 
MMtogmn content fey • S.S lo.s 9.S 
pot, lagjno fmi 1 ZO^ Sl*4 29.3 
* . t 
jujlpeinhim mmmi 
aatem« {i^ ) m 
































tp DO f" ® ® 
s s s g 
# 
s  ^ s. g 
•g ®l i© » m •s. • i*t 
4> q t 
4 
m t t g .. 
s  ?  I  1  ^  I  i » « Q o 










«• 43 « Oi 
r
<  
i t  
t n 
b 3. u 
s6,, 
%%!• li,. fh9 sffeet of oaioiura nitrate m 
yield and nitp©g«a ©ontent of uteit# ©BrtsA 
l»rwst«d 7 w90kB after emyg0m<$0. 
1 » 
3 fin 1 paw pot 








. • • • i 







t 2,65 i 
1 0.7S » 





imM© 1 ^ f«fS 1 
•1 t • 
t  2.59 t 
1'. . S*S8 t 
S»fl , 4.-08 
!•« a^? 
a»fs 
# • .»• 
, • «*t i 
, » . -t-
«§.*§ • Sl*l 
If, 
I S  














rh iH 9i 04 


















8  g  S  o • « % 
m « S8# m 
1? 
-> « 
t m n-m. m 
i. si ©J n 
% q n « 
m m m 
t-
« 





















a s  s  s  ss s  
ii« She effect q£ oaloium nitmte on lioduJ&tlon, 
l^i»Xd &M nitrogen content of sweet olover 
Imrwstei 7 •me'ka efter ewj^ eaoe 
; a&ia 
i 





ad<i«d. per ^efe 
IS «  ^
mm^W'^  moMlm fmr f-lKirt; It t sa^s S.7«@ 
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1 3 •66j 5.06 
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fotail # S •30t S.Bf 4*26 
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Hoot* t 2 *601 2#82 t.f© 
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siifrl,# IB* flto' ntewit# m a0#am%i®a* 
g'f«  ^mM nl^mgm mm'pmt «f fttftwt ftets 
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0 






fftfclt- IS# sf mlmlm attimt# o« ti» yi«W mad nitmgm ef Tia»« 
mA n^s, aa4 %h« wt^ idty ©f tmiM ©f pwaait# te&apw»8^4 I? w#@la|-
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•mm «»•# to fill fTO -^dadh eMy psti with Awiismg# 'is tti« "b-ottosi* 
•Iftoto. pet m® ths» iioiiifi a i/4»pfcl3,®a pot wimeat 
la this my gia#«d pet 8«jr»»4 m a fs»i«iwir for any 
fta imttMt®!* ttgiftiast ®*€»»si« »mp©-fmtle« tliMafJj, th# mil* &t th» 
©lay pot. 
lljB&iiil ia«lttMag ais i^r •leiaeat# a<l4«i aaifo'raly 
t« •IX pwlm t« pI«Btiag« Iltr®g#a f«rtlll'8ftti«a ms mi4« 
a.«MS«i^ lBg t© th® ef ta fftfel## SO' 9m& 21* laooalfttM 
#l«wr «•«€ wf*- ptoat»i f', W4% 
fatol» ,lit»g«a th rid oIot#*-., 
«»i. fewfiigli Mwt «aay f®t» It ale® ••«»# m 
mptrimmmrn * *.• 
me^mr i 'mf pet t f 
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80 4ay» •af'te 
SftUOg  so tft«srflaatiE  ^




Jill mm p«pll«ft%»i foar tlmi «iai arwkagei ia 
aoifiwl*®# %i«eta( «m tli« bea©li»». lxpepl»e.Hfe 1 ms 
vtea tlm: plfy^  «if« i irn l^pi om om marsh 1# 1347* 
mm 
tS,» with rei etewr# «xp®rlMiate 2 
t t 1' 









2 m ^»0g At: planting 
« «© NaHOj At planting 
4 m H&MOg 10 days after plantinf 
S m MaHOs iO days &tt9T pXaatiag 
8; m M&ilQg 20 days aft«r plaxcbiz  ^
f id £al40s 20 days after plaatiiag 
s •  ^ 20 At planting 
60 (MpJsoJ At planting 
- • 10 zo (y^tp4 10 davs after fla»t;i«g 
• 11 60 {^4)gS04 10 days after plaatiag 
• • m 20 (m ) SO 
(MplSOj 
20 days after plaatiiig 
m 60 20 days after plaafeiag 
M 60 cac3g At planting 
iwek* «f%er altr«g»a pe%# 
la fep®i4»«0it 2 l»ii«1toi lay poarta ,^ 2S0 ml ## itsMll«4 m%«r 
thj?«gli SS.A p©%» lb» pj3rt-o«i» ef this t© wmom mil waas i^ solubl# 
tmm tt® pot*, plaate #»p«titoat «-f«» ioeAii®# 
f®r tfceiip- M,trog«ii 8ear»«» A of femr pots isitliWit fJtobs «re 
ia©lttie4 %o -tee of »l%r®i«a f*'** tiw sail 
•©rg«ai# 
JRre-pt3»tiott of ,«irieh»i fcl6g« 
f# * iefiatt*- ftt«afei% ©f «nrf.eh»a 
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all «f «fcl®iam »# fialalaB emlat## fh« SrSO§ 
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»te .tkiffe *wwst« •m* ikt plaafelag th® 
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%w@ foM mm- ^%a.ias4 mlam, i# m®' aitii»4 .80-i«g» •plAsfeiag* 
S#ilai .I4«i mt fMafelag, »" M' Aapi af%»r 
' la yMlM '^m %imm • at m obtftlaei m 
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«% plftisting w»m' m l^em i^y- ttma plaiiM » attwig#a 
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i»ti 0,81 ©•iS §*8l 3,tS 
MlaiWi® slgalfleaat 
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-4: 4l 
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V iO 1  ^S W 
'( :j^ §Q, '-611012 
IMUi 1. 
i.#»k to fpi 
4 S « 
to ppm I " $0 f psi' 1 • iO f pa 
ntx^«% applied at piotur* 
si deys etiimr ^mmrg<mm 
i<08r«rt 17 8# is 
pi® S 60 ppB, If to p» W 60 BCtt 1 
iwog 
Sitrogon applied Id i&ys after 
fioture taken 21 ds^B after emvgmnm 
Wi^ m- i* lff#et of mitr^ wi ®a ^el®wr 
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Ch®  ^ ao 1 6# PPH 1 to pp® * $Q pp# 1 
liww».r« I * i S 
1 6S3 pps I t© 1 60 ppm I 
ffiti!^ «a i© i»j9 mft^r pJmm^lug 
Figur© S«. the effect of aitrof®ia f»rtillaa%loa m 10 w#«ls3s old 
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sf, 
20» Iitr#gea ©mtffat of ©lov»r plaat® 
•few wfeBS «f aitf©s«a f«*tilimtioa mt tbr««-
slmgm oi' growfth 
SIEM p<»r.90t 
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tots 1 t®#® <1 i*©©** »T©tal. 
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'Wwa. mlQim »arislj«a wl%li wm apflied to lmpvam& 
it vM f&mA msM iai» hski- i^m' np^prftstsM® «ff©©% m 
 ^ fi»ti©a'terf.Hg 'flwit f wsks of gr««th S)» im» a 
alight imrmmm in fimtloa as * }f«-sult of thS'^ .l# ?•?#** i^^ lleatioa 
©f aitrogen and s, Mftil i#f3r®s«i©a resaltii^  fro» ti* S aMltloa 
, «* plaatin^» MmomTf- ¥©tk *i» '^ tk-ia .^ ^riweiatftl. rnwmt'm. fipup#  ^ 8 
»1«« a-fesw %i«i% -Am "wti» fear»s«t®d after 
*»i^ »a0« all iiit'3P«g«a MJ #»pf«B»a«d' ftsmtioa, 'Bith iM 
•m&vlf a-^ liuatioas .©ffeefciw oa mii«»asaa mfpllsa-
ti«B»« fl«M« «1.«® •ai.i.lar fts.|p»®4 wltfe yswilt# ©bteia i^ 
©i^ tasMiy »letWB mtti»t» i«ia- -itiipli#!!' t© lAtte elawr^  
^a&i «l#Trer pJ^att, €0' ©# I m mmmhm «uifiit«-» 
wl*iai 4nw^&1mm%t mm :lwir»»«t<i4 « mffctr It •«««: 
ftwM th*t fi»ti« Iwii %#« iaorsft### -(Hpi*# S)« this wet* In 
agrm^mmt witli isfetalaet wltb «w®«t 9l&mr  ^ 11 w8®lc# 
rnt^ w WiMtm. aitrapia «ppli»4 to iwwt eJo-iror 
«'f r^plaastir* qw S 'wsatoi afttf pteAiag 'rittmltsi im.-m 
®oafc«nt ta •(««««#» of ^mt fmai. te. plial® wswiviss  ^so ©o«"biHi»i nltrog®a 
flMi tim l§ 9£ aityogea. 'liiis. iaii«k<aB'i tii&t aa ia©3RSfts« 
itt iPlmti^ ii had mmwxM.* Vli^ mx 'Sif aitr#g#a at pin* 
itt'ttfMl -S t^itete pissatiag lltaAt# 8tl«ilate.i fl3Eftti<m» 
& tli« weoni wrp«rlim  ^with le«p«a®m, evSinmrf ealeiw altmt# 
at ,r*t«- at S »t pl«# S § -welcs &ft«r 
"l! 
SO-a 
I* Ih© afjfeot of aitro^ea fertili8«.%i«tt 
on nitrogen eontent and nitx^»tt 
my^ns feai-wstfj m% 
•mryiag  ^"' TSPfitW' 
used to' "til# 
so?**!) • 




Barvebted at 4 im 
xf is applied 
»« 
1. • J 
1 i I 
100 
100 
- • t -4 -+  ^ - i  -1  P r^i pot 
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dlb^aalcn 
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miligrai 
ted at S lie 
'of II 'appi;.«d pief ipoiti 
<)ks . gafff^ ted:^ -  ^11 filellclb' 
€!<*«• 
lltrogea @©ste®a% -smA fSmMis® 
% l9sp#4#®tt aai mi oMwri -mts 
wed to mmmvtm thm 
61fb, 
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I - ^ f . # © 
I  I  i  % t § 
if. 
niMro^mn ia mmd wi «a ®ftr2y stsg# 'Of growHi th® plant is 
4.wp»tAmA oa fiaatioa for it*' attreg#a a« srewl.Bg e#st®« 
of •^m ©lio*w(i« is liowaB-lly l^ mg^er «ai a© mMmmly mpM §;rwing 
period eeea» teriag tto life' ©f fleat## 
I £• 
1 
i  !  
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I  ^  
Sal>i« Mm Mitrogffla tr«R^a-fe» swwil;' elm r^ at tsw 
l^elaa tftteim-hoflt 
t » t i 
ffwtewatt % oa, pB of i %» l**f tisie of h&rrost 
awl&r -ixiituralticmat elag $ mw mt t 
•wiiw»>tw»«».«iiiiw(W"W«ipi»nMiwwt»w>«aw»w»w<«ii«Bw*ww»iWi»><»«>«i«i«iWiw«w«!WBiiM*»<i»iiiWB^^ iiiiii,iiii#miii»iii'iii«iw»iit«jiawrm.»r irn'Miwnm ji«' iiifwiiniin i!wiiii*'iiii*uwi;iiiiiii>wwi<>'wfliiwittw'^witiiMwiMWiiiiiMJtjiiu 
1 82 »? S«i IMNIW 
i 8E,7 5.5 IS S wm tei- iw®j^ #a0« 
t X12.9 7a •mm. 11 tm «tai- iiftsr 
« 112 7.1 IM 11 m whsM mmvgmimm 
*&» f«IP f«t«. 
•flarieh^a «»! «t pleaAijag,^  
fmr ia©iR»i«rt»»i plaat®,, mrl®'ty Viammin latt#, mr» 
gmm Sa,  ^ Suffielant to wpfly 1 ®f ewloiim 
p®% m# »t5(»a  ^ Mtfe lyiswitlwi® aclA matted qwayt# #«&«, pl»©«# 
in poti, «olat»a®i. 'tsi laeabifbefi im $ «ek# prior t© 
t t t I 
€ «»• i i® of sf %ss 1 's •. fls®' 0f !»pwst 
ia»l)»r •@1«' s p«r pet # 
1 68.5 4.5 S nMvks &f^ r 
•• 1 68.5 4.5 . .'MO § '«f^ r mmrgmmm 
@ 68«S 4.5 11 <msx^»ne« 
4 63,S 4.5 1S®#» It wttks «fl»r mmtgmm 
$ 82.7 5.S i wMteft tdhmt •mmsremm 
$ 82.7 S.§ ISQ S 4Merg»n®# 
f 82.7 5.S «« II wtel^  •ftor mm'Tsmm 
8 82.7 5.5 iso«* 11 w8«1e» «ft»p 
0 f8«5 6.2 •«w. f *iwM lift#'? 
» 98.5 6,2 M§ S 'neites «wiE^«i3  ^
« 98.5 6.2 »• 11 wss«ia mf'tasr ^mtgmm 
It 9S»S e.s If®*# 11 wete «fl»r mmrgmnm 
«&.**• mppl4«i f«r 
•#lari0ltoi 9 -mrnkm «ft«r plaatlng# 
«6. 
9mt immM  ^ plaats, mmirni imm gmrn ia 
fitt# p©'to« Sttffi«t«at @lfty %0 safpa®-' 4 «.©:« »f fcr 
fo*' ms asa^fci with *1 '^ liyiroAlsrl® ft«ii msli®# ^artet ««t4, p^®#d 
ia p#ti* ««igt«ai^ 'a s.al imatoatM f©r S ww&tai prler to 
&t tsXm 
- a mMlvm «m msh## wi-  ^
»®«tio «om ft is- pif «aifc «i®f««i«i,,, a»i# ms. «iurrt«i'0ut 
ia 10 gl*i»i «ro®lai,» fh« lasp^glea wa# «tlfT®i 
tlor©«gh3y, ftllewwl t® wa .»»»tl.it«a» tti® pree«i»3» wyi 
i^ p'r.£ailwl«% »ix -si^ r aapeamtftat^  
«9«- sff4M»ai4 «ff« •&# 92m  ^ma «s«a mith <il«%ill®d mlNiir antil 
tl» liftaii -mM l«ss «ii® 0,:«IS !• St« olsy ma iiieB 
la & tfeeaa' ©nr«ft att 1^® & la crter to Tolitalis® tt® r»®aiaiag »«»M« 
Iffewr  ^©li^  '-mm pttJsrerisatf fey fjrta i^^ '. "Ih# 
of tM# txwi.'tetitt iS' ia %lb3» If« 
fftltl* «< j^ositioa of the origiml mM. fusMitie aeii 
msli«4 li«aissippi bentoait® olay 
# t 
I I aeid 
$ ' $ m«|d8ml 
B&m «ftpb«i%- ?2«0 ?i«0 
fotal 1}ft3ds tot*f §»,§«• 
Total oftloiUBt 94.0 Sl«4»* 
fstelmuagwibl# — 6*s 
lje t^ol!si«fel8 «oit«i — ®-»s 
—• »# 
.a&3maybi»» . *»* tm^a  ^
'i^ am origiwki ©watftijshij ApfrnxiimAm-i^  so »•«•# ©# (o» «• 
pit- 100 ga*i» 
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1  ^  
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I ^ 
I  1  
« m 
1  I  
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i  ^ 
-  -
figttiH' 0:» frB aztd 'ttxdbasgMiliIs a% -mrimm 
oaloium mtxumMlm. ImmM «f hmismA,^  







, t® tli« -SWQg ia titi« mmmr ^0 m aMmsm ami 
mmim4 '& md f la mmmSbs^* Ot .^r 
aatrtsate www a^Wbii. fwm- «#l«M©w pr#ptpt.d io 
nai m Bkmmt 
$%mk soltttlwt mM l^m 
S'b^S" 
%s% 0  ^ » 
bb tiwtmt# 10 
item* •$ 1 
ytg 1- '^ 1 
«l»!f mlrnxm^w "mm tafpllwd with th®' *a-f* -totatlimi 
•i»«®ri.bei %• %«r aai MMmm (Sl.),» 
wferiemt mtatloa mM^ -im#4 wlt^  dlstillitd 
mMmw ia %® f!»»%§•• la tt® i^oli ^ bini' wlttoeat 
iimiiaig#* Mmm ils%lll#tf iiikt»r mm in frsportioa to "tee aatrleat 
#ol«tlo» 'as %i» 'h«mm iM^«r bM tm&Uflmtlm iQ-mm laisr«as®4» 
%S.m wm Mm-' to |^ wa% mmmemMMimm «f saltt ia tb» mlmm& polai* 
ssiipgrtaeatg wtt^ i swi»t 9%mmie 
m h«n'*8»%«4 @itb«jf S -weto «fl»r mmMrgmsm -or 
1.6 nwMte t£^r 6imx^omm mltwomo. f*i*tiiimtlos in a •Jbsilar 
tkm* f'kmOm- f»®»tiilag m lai j^ r hi®## 
i!P»f» mt<A. la f^tlwri la mMs^m #a mr mmr wis -toolai m 
to til®' flsttti- altr©^# is i4il«b ©as#* tfe® »odal«» 
f§» 
• mm mxf mmllm isntyifewfeti -iwetis...., 
. B-otti imr»»«%8 • slmlMr wiei f»8f«et 'to ©aloiwa 
•aafl nl%rc««a •»ff#fiPba* M th» of ©oateiaed fl«M asrf' 
to'^ I aitirogto ia -^ e plaa%« utt •tii® lew «lai« "h^ml "mm -affrae* 
to p®r  ^ for «k»6 lt«ai at 
l0ml (f&ktm 29 m.wA m}m^ EmmrnTrn '^ a W i^ . mt •mm ad<i«i 
•&% fJarfjtag yi«li mirf tistsl w»m ito« 
«««• tm ImmlBw 
Sh» «ao«ate  ^attyog-m fl»8i r^lm .^ tlrst S -wseiE#: Qf grortfe 
la tto« fmsmtkm ©f altwf« m» »% liwi fel^  
S**#! i^ saattoe offoslt» warn 
%«!« for t!» l«t®- hftrwsti, fi<w»wr» Iwtfc «,» wltfeta mpmbmn l^ rnrr&rm' 
It Is iat«p®8MMg t# limt at low l«wl tfe® p«p 
mmt mmrnvy «# »ii«i a4t»s«a wi» S4«4 20) iog %h» wutlj 
' torvwit »8 me^mi vi^  6S«t Cfidbl* 1Uk%« i^ex«at«. 
at 'teai ht#. le^wl mla»8 wsm SS«e ami- M-#! p«r 0»ate f®f 
 ^•*rly 
wliai goy%wkm 
&« »a a#att2&t4«»« ylem «qj& aitrcigtta 
«% ««»•# mm gt-wm ia f&hlm SX aad 
M» Yi@M» wp» Mgh©-r #ltfe«r idth ©r wltto«f eoaisliwd 
ftt K«d|iin wldim lev»2, %teB «% 'tt« low er bj^  lekmm 
tarwstwi'' S' fl)« 1M« iMimrmm mm aot 
f&hM it#. yi@lA|i nitrogen contant alt»g«a  ^fiL»i 
"by smeet olowr, wi «i anl paifewRSiam 
nitmtef at tm? oalolum •wkmn 
harrested 5 weeks after »*«fg®iBs# 
« 




ftt plaue i^ag 
•t 






1 t«.iS n»%f 
« 
aitr€^«s t 
,f#r pot, 1 
• $  
Htw t^ta fix® 4 'fta-r i 
f©%# a^HM " - t 
%Bm9 
f 




f IS«4 m^Q 
P»r eent of total $ 











Per oent ei addei i 




i®» Yi#Xi» »oat«at «ai: altr%« fix«d lay 
tlorer, with p f^aftsslwa 
*% tw# caloii® A«a 10 «®«ks 
•ofte# mmrgem* 
f npui ff «id«i 
•fi«li p»r pot; feps 





























per pot %» 
f 
t  
1 «i,i  ^ tt»S * 3Jf..« .IM.1 
IWir sent of t®«»t 
nitrGgmm fi»4 
t 
* «».•# 100«0 t. M,f soa 









llti»f®a fixed f#r p©t mlt^ gea, i»lete®-,aaa mltmgmm x mimlvm 
is slgaifi<»wa% mt tbm S0 
•fi. 
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im * m. atg f«r f®% 




fop s-baitiatiQai «ig,ttifl.««a»e« fl«lii,,, {Fig«i« iO), 
'ftttd (fmhM il) •'mm iasi'KgiuS:8A % &ppli«ft%ioxai 
«f ai%»f®a »% *11 thh(i«v •le'wil#.# 
'f&s iw»b»r 0f aoittles per plaal: ia«Mia8#i uri^  iaetpwasiBg mltO-xm 
b&tli. wi-a .mi wi^iTOt n,i%»g«a Cfa,bi®' Si), Smttmrg 
'Ite -mm szm%% m<^w4 hy p!e»»mmm tf embtmA aitr@g«m 
at lal ®fcx®tj« is*lji# 
^»a flaats tmmi.'vtmg «% «tia»«»#«n mm 'liai.rw'Stw-d H 
we  ^ mws-rgmxm 1% inns imm&» m •howa ia %bl»- 52# timt tii« 
yi«M «P M&t^ r wis »asM#*&fely feigl»r m% tfca low out ««dl«a oaloiiaa 
l0flp»l«- for timi- •mm»- •omleiw* 1«iwib aiti^ g^n# 
tii® tcflail irmi 6iit®s»a ^ -sMliii&m &i 
at%r«g«a* At t}» li'tgli l«wl pr«s«a0»- of &&sibiAm& alt^ re^^a 
In » mmip two f«ii ef •i.wy t®1»i 
©mtrnt i»i itpgrraKAmt#  ^ iS fep o#at amr 
ttnifSA i& fjjtalni iss®bsidusig xk} •al'tik^sb* 
t» '%lbl»  ^#liow %t»- fr9s#a©« ®f ©wfeiwwl iilt«^#ii 
•ipilfletsfely rwiaeM awDwat  ^ flsasi «t lew 
mdlm '&a.},m:u« «.% 'lite bi^  l&vel 
naa witwltt rnwrnrm 
*•» s4d«i t® ole-rer asad  ^ ««^b«aai ia 
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Witt m%m ia a,ia€ It ts. s«sg##t©d to&t •iai.lajp «i^ »ria»Blwi skooli 
tt*iag •«wtete fci#i«r caloit* 
I  s  
e 
I r 
I  f  
sr a 
«  5  
I 
h I  
?  s  
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this area 
figuf« M# of oaltar* us#4 ti«i ^ ff-otia® aM fwaiting' 
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95. 
»• «%o» % flnrlAwimt of pmrnx  ^ iaiKJltwi 
'aisipi^ ea l;%w j^ bsq^eams 
* I * * IIS Fl«»fe mat»rt«l • t fwm^ma  ^ * P«p mv  ^ t »'to» 
# # al*»g^» M t $ 
t 't plant t 
1 0.91 0.380 
Igltag* t 2.00 0,068 
S 1#84 0*024 
1 t,ii Q*xm 
fttitoi (m&% aon*.) t s»sa 0»1M 
f 4*ei 0»®fS 
lati «<m«) 2 3.S1 0.0§1 
1 1.9S 0.S40 
%ao]^ ©Pi».. i 2.30 0.170 
s 2.®S O^OIS 
ato* t «arl#i««t mt hj m%m 
% of «a%r©l C.Sf) ffOffi «to» t of pltttt w-beri®-!#. 
• 3. a«4 • iflO ix^m altr%«at 
t # ao ait'r&s"®! i 
iaMitolNii # S§ npui 'Sdl^^Ki* &§•» -mm 
-mSm im i^« leotli® 8©n«|- • «tl mm-lmA 11 a^gjw 
mi -sitwapMa m ®iil.«ii» at<Ke«t# •artolMii with sfplltJ 
• t®' tto# #•«»». 
88.» 
aittofta taiplyt ©f »t# mi ,g|«o^#3pi» r®tw«.l»-<i 
h-igh®r eesafeftata %hm mm tsmA is fepiMitM«n%' !• 
%• • i«*4.ieai»8b% me. tm mil sit»^a 
flttS' la' -tfc# mmmr l>f ^Mi«ottog «%« 
pir 'isaadl of « *ir »Bila®3. fra®- |»f f©mitf ia ••fcbs 
aitr©g» 'fr« ^  mrteiliii# S»«« mm gi-swa la trtl® 3®# 
<sf 8 igygl to 1^0 n^m wi nt'tamistm ft'bgorpmion 
tl» gy i^^ oiNiK 
ai® totwkl aiti*©g#a msrnmt arthi pi»at »t %tat titj*e 3ait»g«a 
le^w.lii wm- '% jntsttlts «f 
if«rl.ott« fftjrtt of «i® fh# «%«»• f#r ©!«i*fe. «iri«l«»»afe 
«s#i't© €«Iwil*t# tlss swtra® mf f la th« feliag#, 
gpiftftor*# asi4 i»t»« e# tto### mlwal&ti®®* mm giwa ia 
fmhtm M» Atfewsiifi®. l« %® th» fit@t -ttimt ia ®i€«r %o iii®plll!y 
pr^ swatati^  ei' tb» attf^ vn my^mM uni §9r misk 
ia tiw wmM gfs«{iie '^s tew boim ecrabSMi uMm» 
usutt 
pmr mmt of tl» 'Bitrog»a a4t«t %® th® tmitii^ mm 
®f tta# l©w  ^ al"b«g« f laafcs' ms 14gb%*ft«r p#r ©wsrtf iwt« 
in Wm fmeklma. of mvmXMmw mmmm^ 
ia fruit* %• p r^ibs SS*f 'f«r ««a%  ^•^ • 
t# fwtttag ««#,. tl» p l^aat# Mviag fe^bh 
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I !  
?  f  
m 
Mvmm 
fwlm t# «te% tiM oi 
fs«ii Mtrngm #oatm* «i 
•nitrepw -ftsiifttloa %y t»©«i-l«t»a l«pm«« <»#» .o«li1a•^ 0 f^et.i ©wr a peiloi 
•of Is *ost;lis» 
fb» aiti»®p»a i»©t»|N»'  ^ws:« M m« «••€ t® fiawiti®® ®f 
ait»gea sm0mm M i «tai hf mmmt &l&mr 
ftM mA ia#i®r la «a» •xj^ vism  ^•aA* m# ml*o as#i to «-to% 
«l>®orpfciob -feliarow  ^ 'prnxsai^  g|raeffe®p«i« 
-iSeslgwi to glT« & mmikmi mry low ia amilabl® 
•mm  ^ «»4 iii astjorlty of ®xf«rJa®afe«» 
MdiJi 'SM Ife-fif# m%«iMm imm «s»i ia wi^  
mwm% miismr mM •^ •^ •sfcl'wily.. 
A TOlf«r» f0ftt.llg»r nwi t© 'mil fo%« la 
•meb sxf»ri®«b* la eiNter ttwut «©aMa«l- ttit3r«s« .•IiimM im ©aly 
•mriabJI#*.- Mi^ msm twm .•«rgMiii wm  ^ wssfA ia tlw 
Rtwg#® ia %&« f»»: -of mtebm «pflt«a to 
"Alt® Bateh ©lo^©r* si»0t •el'ormr ani psaaiita afe tlimi of 
«ii^  1 wt«kk ptntiasi. feiiun 
am s^tw »% «f 20  ^ aafi ©f at%i»og« appliai 
to f»i ft% plaa l^ag 10 «a4 tCJ ItaifS' «ft«r fl»atiag« P«feiii#iwt 
•iiitmt# wfta, itspli«4 to s«^b««as m& eilomr at plaatiag 'Soi  ^
ae^mm f ' af-teS'i? f,laati»g ia » ©ttltere* 
• .plartni:. mm- mppapaxina^^  s 'tmi • xi «mii5b®a*s»« 
th» aityof^ te f«i^ llt®iitl«a m' »o«tel*tli6« «« a®t«r«l»a nf 
th® «ar%" lmir»«»% Igr wa r^ ©f. aeAil## f#.r plaat stai aefe* 
lag tl»ir »t«« «4 ii»feriteti« «a Bsy m&-
mm mi§» for sad 
of »l%«g®p. ana ,®a fiamticm 
•mm  ^ wmBumt  ^i«t@«taii^  tli# • 1^® •s.ri.clmisat la all altrog®n saapl## 
twsm pMatS' ip«^^a»ti7£ag iaotof*. 
of wltii •ej^ eaisai mtmh&mlm ««d'«aEteead 
pmwimmty tlwt •sflsmm i® bot mk '^aaxian 
giw  ^ii»a »©!•% m. Isto# fiawtloa »atam4s» f<Mr th»ir 
al%r®g«i supply.# It lum ftlso timt tfe# itaswat of altrdgem 
sc^btfatts'l® %mmm0  ^ t« Ife# of • e<»» 
Mii»i aitrog#a prw«rt' lU' wiU 111% a,ppli«i 
At pteisbing had a i«|«e®«#iof «ff#«t oa fiaE«ti« teMt' gfi-
«t Ifea aiMi tl», fh# @mm wm tre# f«if «ii#«iui©a 
b«th iMti«e !#«» ta i«fip®»»isg fisMetiea ^ i^ma mta 
•x^@rieam&- Am tte mpfliMticm mm m4m &t ptoati^* im. '&I1 6«s«« 
)a4t*»^«a wm -botitl. Bdtjpogaa e©at»»fc of tfa« plaafei-
«ni mhm« that ftmai la p&mts- wwl'Tlnf a© »ltrc««a» A 
p»rti©a of th® altrog#ii &a€®i a% plaatiag m« wto<*TOWni ia tho 
tepi «tti itex«iui« liMS aiiltiea 'wimi and* itt tlw 
i  
% 
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1,- w&m qaleitm ajoal hydrtg«a<« i^qa ta  ^
 ^ gPSwMi luod Inooulfttloii of <f«wp* imr*. S«e«' 
^wmrn t4«793-^ , 1932. 
M'i lBp©-rt»a«» of 
"ia Bot. ??«»• f8>33®»M.l« 192S« 
saA i»M». Ilt»g«a fljaitiffia 4a. 
m iatfiwMaoed by exchangeable «loiuBi» tmm.* SilM lafc. 
foilfwiff ^oll Sol. Itl40*l44« 
• 
4« W«l» iBmilability of replaoeable oalaiwB fiP« diffetwit 
•# <sollolds as affected by degi*« ©f q&IqIimh sataj?* 
rM«®» S©il Sci. SS:807«217. 1945, 
S# 4IM*®a0 F.*S,, ami Ludisrig, G»A. Bse oause of noiale 
tormBtion m. legumss supt)lied -p/ith abundant «ombiai4 
Altmgwa.* Soil Ssi*» §'7!4§l-443* 1934* 
iaifW®#. l#i# of afflffloaium suMat#' m tiai. ,r«#poiwi# »f 
^W^mm .%© Mw» and artificial ta»e«l«tio» *a4 eiSBrgy 
fstipitsfwiiit M soybean aodule ^©twrta#, J««jr. So©.. 
19S7, 
fm lln r^aan, O,'-:, The eoolofflcai srf aetioa of 
asmsoniiaa salts on iiie ©l©wi» ©f twirf* Ans» Sot#., 
48t976«l00l, 19S4. 
s«. xnfmea '^ «f t« :^jrateve am amilabl# nl%r&g,m. 
• »»W% on gr«1& &t ts -to sfri^ .#. igp# 
ss»fi®"^ 47, iw, 
$m lid»»eMo» ©f l3a.teiisi%y .«a«! altregen 
supply in th® KPowth «ai i»tabQll»g of gfms*.#® aaft ©Iswr 
(frifolium rm-g&m t^ I. The, sffeets ©f li#;t iateastty aM 
nitrogen supply on th® nlmmv ®<JKt®at e£ a sm i^. J®i»* 
n.s«« atg@7-280» 1@33« 
Blaatanaa, and ToapiejnRn, W.^ *, &• of 
intensify and nitrogen supply la aai »irti8iyb®lis« 
of grasses arii clover (Trifollam ropeiss)# II» Ih# iafluenoe 
of light intensity and nitrogen supply <m tlie leaf prodaotion 
of frequently defoliated plants. Ana, Bot«» m«8«, St765»791« 
1958, 
»s.» 
Iftwl®, aai W»I« I^ f spot of 
ptmmt imiiooiat®  ^hi til imsmsA'm i®floi®afi^ « pjumt fl^ a* 
tl.tiff.240... 1946. 
M* end CoXiwM*. W#l« qprnllty of large 
f««mits us Rff«®to#i fey f©%tt««lta »»l. ®ora» 
of aai Smv, Amsrm 
So®. Agroa. S?i4tS*#«» IW.. 
It* Burkh&rty mA GolliBS'# £»&« mtriente in pwfimtt 
p3*Mit gr<w»tiJi» toii S^oo.« iowr# fr©a» Sj27t-28@» ^ liil. 
14* ' Bm'ZTi-s* UmUmf^  FimI*# Wablin« a»i« ftioi Wilson  ^ F»l« 
of fclologioiti «it3Pi»g«n fl3«M<» wife 
laitiwgeii# Soil Sol, So0, tamr-9 Wrm-m iS42# 
5fi« Caldwell, J», aad EieharAsoa* II.L, Ih© growth of elo^p ia tho 
pjmmmm ctf -aaaoai^ im %r« 3oi». 3@t:t6$« 1033* 
16# Collto*. ma&- lorri«#'l#D« Soil •todioa mritli 
^Nia»t8» 1«6« Agr# lxf» Si^ .» S .^, Ii42» 
17. 0ol«Mill.« ¥•#.#, Bm%, aai PIIkbA, Csnpoe l^tim of 
ftMMt sfe»ll« Of fill®(i aai Mftlliii fimlta m «ff®«t#4 by 
f«r%lllt«r . J®«r« .laer# See, ,Agwa* 97i7t3^0@. 
18*., A», and 'ftia.©®, A» Syrt)lo®« b«ot»j4.s»Bae et oaltep® <i#» 
IttfWiHiWiiftoS-* ixua* Agxm*«. &•»»* tit;^ HIS7*. 10S8« 
1S». . , .• Cte»#rmtlo»S' mr M 
' -iet l«p«iawi«««» c«pt* wiiai^  ftoai.* 
itsa. 
2©.* . ftifloliowt, l®»l;oii.» i»,, h*l,, md wo-maa, a»0* 
of t%f»w a-aaJ .eo r^wfeitlks yiela of •'^ oaas# 
#©up. Jto0T» So®. Agr®»» S9»SiMS» 
21«. - tfsatesim,. 'kaSMmm ctf ai%»s#a«i8' f«-ipfcllts*r oa 
feolaiiai.o'iil o^oi^ os-i^ iott of 41ff#j®sb '%p«# of swari. 
fBttriai liafeMsa, ajf*#alai»i Ocaag* (^ t.« l^ ri-b. Jj'. SSt-^ S# iSS7» 
EE* l¥»i»'E.®:.!, aai S#«I. Sff#ets of solti^ l® tsltjpogoiwis salt* 
®» aoiHlo ttsrmtim r^n Jowr, t*®r* Soo, ifrwn. ®tS16*SJ8B» 
ism* 
it,. as®3 l^,g o'f jps'lam'oa « 
ttiiaifli if f»i slmmit-t Smri,r %r» 
M» Olobel, f• ihe'rslation of th® soil wAMm^m %® w&il» 
fflWBt and fixation of nitro«|ett %• l®gawB«» Agr. 
Sta. Bui. 4Sg, 19E6, 
tS* '^ *"*0 ^br«c t^« irim, A« idittlfttim w t^fios mtrimt 
Int&k® frOTi colloidal ©lay by S«A1 S®t. 8©®« 
Amr, Fro& 8s234*g37, 1944* 
i8« 1^3dm, aM Fred« E«B« Influence of vftrlm* ilitpog«a  ^
eompouu^s ®aMJ mannitol on nodule ty «l<inwir# 
Plaafe ?%«iol., 8*141-165. 1933* 
if# loffelai^jp S»W#, Wilfloa, P.W«# anfl P®t®r8<*i# Influeae# cBf 
fotassim nitztit* on nodule formation aad nitrogen fiiX* 
fttioa by olover* Plaat Pi^ aiol«» 7jS97-611» IMMm. 
18• S.M* Relation of tb®' &mgwm of tsttewitloa of & 
oollol^ ftl elay % to tfc® grow%li|, aoiaMtien iiai 
#(»rtpoaition • %r, isep* S%s, Bal*. gSS« 
1536. 
ft* M^«a# %«•*8aociatiw growth ©f Im^wm aai 
M.^ a, %r* t^a. Bul» 253. iflt» • 
iQ)» km» mA W«£* Infla«M«i of mtu»« of ftoil ooiloidts 
ai»l degree of base saturation siM mtrlezit 
by ootton and soybeans. Soil S®1» Soo# ^#r» Pro©. 
8sl80*134» 1944* 
SI* %er, B.S,, ®nd Mderson, D.B, Plant flpiiolo  ^f#'4Sl.» 
G. ¥an Niostrand Company, Inc. 1«h» Totis, IS44* 
Mm' Womma., A.S. The nitrogen nutrition of soybeaisef I» Iffeet of 
inoQulation and nitrogen fertiliser on 'ttie yieli ani 
oonposltion of beans oa torshall «ilt !«(»• Soil i0i» Soe» 
ifflier. IVoo» 8t236««2S3)ii lS4i# 
fS, Mmmmeat «ai fi^ pits, L.O. fhe nitrogen^wtritlm of 
soybeanst II. Bffeot of a'?&ilable soil ttltw>fea oa 
and nitrogen fixation. Soil Soi. Soo» 4®®r» Pr©@» 10#lfl» 
196, 1S»46* 
if, 
ii«. liMTkagiAt C»M« &t »f lil#' 
1  ^la aitj^ p^a mmrnvy imm w&^imU 
la -adll# Jewr# .tewr* fo®« %««• 
ims* 
»• »»«(l.t fh« «je^«»t®- ©swflex *• a «KfTl«r ef <«2eiw 
f©f tte- gm/v^ '^ t lagans®# ijs^bll»fe#4 h*$« 
imm* ijom shin  ^ WU* 
id.« J*<r» &•  ^ft@«pHii,» 
«li Mfifl* liSS* tkmWrn %|W8'I».|^  
iaNi%f*«t«4 i» fw*«i.rtW6f %«t0r»l ®l»««t^ %i®iai, 
frfwwlty «f'wi«e t^k, 2s 14-16,. tfiitwf«tty ofwlseomia fmm»0 xi^ ls«a* ifsfi* 
Sf# Mti»3gi«iSi, 0«» 4*S«» !««.«i^  & t^o»afeNi|»iir» !• 
S%udl«« Im |»ni«ia'i»i^ !a^»litw XI-* &« ®f 
wO-trf^m liiot@|mif !& trgssi# ««i|»q«wlt-, -irnym b|i^ « (^ w« 
• • i#w.» 
£» lia- 'sffllwi-lw' MitS l-i^ r^lssstsssi# yK3&» 
up-. 
iS* '!»%«»«'t»* W«2««i luoA l»iw WBuiim l^'m aitrsgmi 
i« th# »ta% «f altrog«ft fiBurtfi# 
$9i«ao« dl«S78-§79« 1940. 
W0 l«d* flie of tfiiiiw mtettt* «f«» 
## l«i!«nnft root-haitti % mMM hmimpimi, ftegr* ®®®* Cl®ii4®a)# 
• B r ® « . » # .  S « P »  l i t I t i f t #  
4l» h»g*, 9:ni hi0oi, s». nte #f3p®i^  #f «>» 
the growth «»dl nj.tr©g«a ©mtesb ©f -* la««ra« mi gm»B 
®l3bfea3wi» joir# .%r» s®1*» litstmftt# itsi. 
mm Mlmla tt» «f a&tal* masb^m msA 
gwm^w pir»is'@»i % ftiiitljst ef s.eiiwt '^ 
laeM«»» ia--•awii i^wr* Jgr# S«i## JI8#l,TS*itS» WMm 
4M* I#9»» «ai 1» fli® m%-mrmt 
im wetel©® m l-atmrm (V'eiim^e tfttim !»«)» 
•ttpply ait«t* to the hm% p%emt» ley.* Saa* 
iUvAm.); fm&rn B».», iSOiMO f^t. lfi«» 
4ii» &wtol»t 1*§.* steftwi', !»*» l»»sttg«.tiot« ®a tli# 
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§aw «Wif»#%i0a» Mtsi guMmnm la laf%lit%tttg Itele im 
%• WmBt Pimrm fer a««l#t«Mee in 'yl&nmimg 00m ©f tlh® #xp«i>' 
m4 t0r kM Iwiiiftol ertti«i«ii i» fj?« j^l.ag tih» 
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m40 Wi'im 
